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Introduction
The output gap is a key variable for assessing and conducting monetary and fiscal policy. However, measuring the output gap in real-time faces enormous problems. First, output gap estimates depend on data that is subject to revisions (compare Garratt et al., 2008 or Clements and Galvao, 2012 for approaches to deal with this issue). Second and most importantly, many common output gap estimates at the current edge are exposed to partly substantial revisions even if they are based on final data as noted by Orphanides and Norden (2002) for the US. Marcellino and Musso (2011) analyze the reliability of early output gap estimates for the euro area with real-time data and, thus, extend the work of Rünstler (2002) . They find that the unreliability of early output gap estimates prevails for many output gap measures applied to euro area data, too. Several authors point out that the unreliability of output gap estimates can have severe consequences for monetary policy (Orphanides, 2003, or Nelson and Nikolov, 2004) .
Starting with the observation that data revisions for monetary aggregates are less severe than for output, Coenen et al. (2005) discuss the possibility that M3 can be used to improve the measurement of real output by means of a New Keynesian Model. Wieland (2007,2008) argue based on a New Keynesian Model that M3 can improve the reliability of early output gap estimates, too. A view that is backed by Scharnagel et al. (2012) in a somewhat different model. This rather theoretic evidence is corroborated by several empirical works that find predictive power of monetary aggregates for real activity, however, mainly focussing on narrow money aggregates like M0 or M1 instead of M3. E.g. Sauer and Scheide (1995) analyze the predictive ability of real M1 for national accounts data in several European countries. Nelson (2002) discuss the predictive ability of narrow money in the US and the UK, and Brand et al. (2003) find that M1 can predict real output in the euro area. More recently, Boysen-Hogrefe (2012) discusses real M1 as a turning point indicator for the euro area.
Somewhat at odds, Reimers (2003) finds that M1 is not a useful tool to predict the output gap in the euro area, however, the study of Reimers works with final data and final output gap estimates. Reimers makes no statements on real-time issues.
In sum, there exists empirical evidence that monetary aggregates include information about real activity that can be used for forecasting at least in the euro area. Further, several theoretical papers claim that the link between monetary aggregates and real activity could be used to 1 improve the reliability of early output gap estimates. The aim of this study is to check whether the aforementioned evidence that monetary aggregates may help improving the reliability of early output gap estimates prevails in real-time. For this purpose, the real-time data set provided by the Euro Area Business Cycle Network (EABCN) and the ECB is assessed. As output gap measures two common filter techniques, the Hodrick-Prescott filter (Hodrick and Prescott, 1997) and the Band-Pass filter as proposed by Christiano and Fitzgerald (2003) , are applied.
A major issue in this study is how to extract the information that may be contained in monetary aggregates to improve early output gap estimates. Three different approaches are proposed. The first approach is based on a projection of the GDP series similar to Watson (2007) .
The second approach regresses final output gap estimates on early output gap estimates and on monetary aggregates. The third approach considers a trend-cycle decomposition of monetary aggregates and includes the cyclical component of monetary aggregates ("money cycle") into the regressions of final output gap estimates.
In a real-time experiment it is analyzed whether and how the aforementioned approaches are suitable to extract information for improving early output gap estimates. Main results are that real M1 contains information about the output gap while real M3 does not seem to provide reasonable improvements. The best strategy to use the information contained in real M1 for output gap estimates of the current quarter is to extrapolate the GDP series by means of forecasting models that contain real M1. The use of the cyclical component of real M1 is particularly successful to improve output gap estimates that correspond to the recent past.
However, this finding is not robust with respect to the sample and the output gap measure considered.
The rest of the study is structured as follows. Section 2 presents the data used for this study. Section 3 motivates the three approaches that are used to extract information contained in monetary aggregates for output gap estimates. Section 4 presents the real-time data study. Section 5 presets a short degression on the issue of structural stability and section 6 concludes. Marcellino and Musso (2011) have recently proposed to model data revisions of GDP to improve output gap estimates for US and UK data. An obstacle for the application of such models for euro area data is the rather short history of vintage data that makes it hard to estimate meaningful models to forecast data revisions. Further, modelling data revisions is complicated by the circumstance that the composition of the euro area is changing. However, the impact of data uncertainty, i.e. data revisions of GDP figures, plays a minor role as a source for revisions of output gap estimates in the euro area as observed by Marcellino and Musso. Therefore, this study refrains from modelling data revisions. However, the study is done for real-time data anyway to get a valid answer to the question whether the approaches to improve early output gap estimates would have worked in real-time and to capture the real-time data character that monetary aggregates have, too.
Data

Revisions of output gap estimates
Marcellino and Musso (2011) report that revisions of output gap estimates due to parameter instability, i.e. the so called end-point problem for two-sided filters, can be severe. Though they report relative high correlation between the first available HP-filtered output gap and the HP-filtered output gap based on final data for the vintages between 2000 and 2010, they show that for some points in time output gap levels are revised substantially. Results for the vintages between 2000 and 2011, as applied in this study, are quite similar ( Figure 1 ). Correlation between first estimates and final estimates is quite high (above 0.8), but output gap levels are revised substantially as the very high RMSE of early output gap estimates relative to the variation of the output gap shows. This is also true when final data is used ( Figure 2 ). That in the case of final data the correlation is even a bit lower underlines the finding of Marcellino and Musso that data revisions have little impact. Correlation between later output gap estimates and final ones increase from period to period and reach values well above 95 % after 10 quarters.
With respect to the relative high correlation it has to be taken into account that the Great 
Design of forecasting approaches
Aim of the study is to find a way to improve early output gap estimates that are derived from common filter methods for the euro area by means of monetary aggregates. However, a meaningful forecasting exercise for output gap estimates faces a specific difficulty. The output gap estimate can change considerably even for past periods. Given common filter techniques, a reliable estimate is reached many years after the first GDP figure has been published for the corresponding time period. Therefore, final output gap estimates are not suitable for autoregressive forecasting methods and estimation samples of forecasting models have to end in sufficient distance to the current edge. Therefore, typical forecasting techniques for time-series can only be applied with some modifications. Three alternative approaches to obtain forecasts for final output gap estimates are proposed and evaluated in this study:
First, monetary aggregates are used to extrapolate the GDP series in ADL models. Extrapolation of GDP series, e.g. via ARIMA-models (Kaiser and Maravall 2001) Figure   2 ). Technical details for all three approaches are discussed in the following in more depth:
Approach I
The main idea of the first approach is to extrapolate the GDP series by h periods via a linear forecasting model. Approach I is conducted as follows 1. Construct a ADL-model containing lagged GDP and the lagged predictor. The predictor can enter contemporaneously, too, if data is available.
2. Select the number of lags for GDP and the predictor in each forecast step (direct-multi-step and general-to-specific are applied).
3. Make h GDP forecasts and expand the GDP series accordingly.
4. Apply statistical filters on the expanded GDP series.
Approach II
Approach II is conducted as follows 1. Calculate a sufficient number of early estimates for the output gap. 3 For this purpose the current GDP time series is split in two parts. A "core" that shall guarantee a sensible application of the statistical filter and a "learning sample", which is needed to fit the forecasting model. 
Approach III
Approach III is conducted as follows 1. Do step 1 as in the second approach. Given the proposal to use the "money cycle" as a predictor for the outcome of statistical filters the issue of multivariate filters arises as e.g. applied in Planas and Rossi (2004) . However, multivariate filtering affects the output gap measure. This study aims to analyze the informational content of monetary aggregates for common output gap measures, namely the HP-filter and the bandpass-filter, and does not aim to propose a further alternative output gap measure.
Real-time out-of-sample analysis
In a real-time out-of-sample analysis that evaluates 40 observations all three approaches are applied. As predictors real M1, real M3 and two benchmark indicators namely the industrial confidence indicator and the yield spread are considered. Price adjustment to obtain real values of M1 and M3 is done in two ways, first, via the GDP deflator, since it is the most comprehensive price index, and second, via the consumer price index. The latter indicator is additionally considered since it has much lower publication lag than the GDP deflator. This may be a serious advantage in a forecasting exercise.
The exercise is done for the current output gap, i.e. the output gap that related to the most recent GDP figure, for the output gap of the past four quarters, and also for the output gap of up to four quarters ahead. As results the RMSE relative to output gap estimates based on via autoregressive models extrapolated GDP series. 4 RMSE are are reported for the whole sample, 4 The extrapolation allows that output gap estimates beyond the last available GDP figure can be assessed. Table 1 and 2 present results for the HP-filter as output gap measure. For real M1 approach I is quite successful in the full sample. All past and the current output gap estimates can be improved. Output gap estimates for the following one or two quarters can be improved, too. For the first approach and the full sample the yield spread provides some good results, too. However, estimates beyond two quarters cannot be substantially improved by any model. For the smaller sample improvements are much smaller, but real M1 and to a lesser degree the yield spread lead to better early output gap estimates around the current quarter. The second approach yields almost no improvement at all. The third approach provides some improvements for early output gaps estimates of past periods when the cycle of real M1 is considered. For a smaller sub-sample improvements are very strong. Thus, the cycle of real M1 seems to contain useful information, but the extraction of this information may suffer from structural instability. In contrast, the informational content of real M3 seems to be much lower. Only for output gap estimates in the third and in the forth quarter ahead and for the smaller sub-sample extrapolation of GDP series by real M3 beats extrapolation of GDP series by real M1. Table 3 and 4 present results for the bandpass-filter as output gap measure. Results that are based on the HP-filter are by and large confirmed. Real M1, when applied to extrapolate the GDP series, improves early output gap estimates. However, improvements are smaller, especially when the cycle of real M1 is considered.
Combining results for both types of output gap measure, results of approach I suggest that real M1 contains some information about the output gap that can be extracted for output gap estimates of the current period and for those of the recent past and the close future. The same is true for the yields spread, but improvements are smaller. Whether price adjustment of real M1 should be done by the GDP deflator or consumer prices is almost irrelevant. However, there seems to be a tendency that price adjustment via consumer prices works better for future output gaps. This is reasonable since most recent movement in M1 can only be included by price adjustment via consumer prices. Instead real M3 generally does not improve output gap 8 estimates of the current period. However, for output gap estimates three or four quarters ahead real M3 provides smaller rRMSE than 1, but improvements are small and given the large volatility of such forecasts should not be stressed too much.
Approach II generally provides no substantial improvement. Extracting information from regressions of final output gap measures on other time series does not seem to be very successful.
Possible reasons are that the number of observations to select and estimate the forecasting models is too small, given that selected models contain up to 7 parameters, and that the time gap between estimation sample and the time periods that are to be forecasted is too large.
Interestingly, the results are somewhat in line with Reimers (2003) who finds little predictive power of monetary aggregates for the output gap.
Results for approach III are mixed. On the one hand, the best performing models for output gap estimates of past and current periods in terms of rRMSE often follow this approach, but results are sensitive with respect to the sample and the output gap measure. The cycle of real M1 seems to include information about the output gap but the structural instability makes it hard to extract it in real time. The following section shall shed some light on the issue of structural stability of the relation between the cycle of real M1 and the output gap estimates obtained by a HP-filter.
Degression: Structural stability
The forecasting exercise shows that while the money cycle seems to be a potentially quite efficient method to extract information about the output gap from real M1 structural instabilities in the relation between output gap and money cycle makes it maybe unreliable. To illustrate the issue of structural stability, I estimate a simple time varying coefficient model (with final data), where the output gap (measured via the Hodrick-Prescott-filter) is the dependent variable y t and the forth lag of the money cycle is the regressor x t . The money cycle is measured via the Hodrick-Prescott filter and price adjustment is obtained via the GDP deflator. The model takes the form: This degressions shows that the relation between the output gap and the lagged "money cycle" is always positive, but that its intensity is volatile especially in big crisis like the ECScrisis and the Great Recession. However, results show also that in more normal times the "money cycle" can contain valuable and exploitable information about the output gap.
Conclusion
This study evaluates the ability of monetary aggregates to improve early output gap estimates. This is done in a real-time analysis based on the RTDB. Results suggest that extrapolation of the GDP series by real M1 can improve early output gap measures obtained via statistical filters like the HP-filter and bandpass-filters. Approaches that regress the final output gap measures on covariates seem to be less successful. Under some circumstances regressions on the "money cycle" lead to substantial gains, but the relation seems to be unstable over time.
While the findings are in line with the forecasting literature that finds good forecasting properties of narrow money for real activity they do not support the view that M3 contains useful information about the output gap. Accordingly, the two pillar strategy of the ECB would not be rectified by the reference to output gap uncertainty. However, it may be the case that the approaches applied here are not well suited to extract the information contained in M3.
Otherwise theoretical models that claim a relation between monetary aggregates and the output gap should focus M1 instead of M3. 
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